acetone in a mortar. The acetone was poured off and replaced several times and the remaining granular powder dried on a suction filter. When completely free of acetone the powder was kept in bottles at room temperature. This material can be stored for three months without deterioration.
When required for the test 0.5 g. dried brain was mixed with 5 ml. normal (0.85%) saline and incubated for 15 minutes at 370 C. It was then centrifuged at 500 revolutions per minute for one minute and the supernatant emulsion diluted with normal saline to the concentration which had been shown by trial for that particular batch to give the best results. This was usually a 1/5 dilution. A fresh suspension of brain was made daily.
Calcium Chloride Solution.-This was made up to a strength of moar 40 Fibrinogen.-Jaques' (1943) method was followed. A 3-mol. phosphate buffer at pH 6.6 was made by dissolving 817 g. of anhydrous KH, P04 in 1,000 ml. of distilled water. After warming, the volume was made up to 2,000 ml. and the solution mol filtered: 2 mol., 1 mol., or -* solutions were made from this stock solution.
Stored citrated human plasma was used after preliminary adsorption with an. excess of barium sulphate. To 100 ml. of adsorbed plasma 100 ml. of 2 mol. phosphate buffer is added. After centrifuging, the precipitate is washed with 100 ml. of mol. phosphate buffer and then dissolved in 75 ml. of mol. phosphate buffer.
This precipitation with an equal volume of 2 mol. phosphate buffer, washing with mol. phosphate buffer and redissolving the precipitate in three-quarters of the volume of mol. phosphate buffer, was repeated twice. The final precipitate was dissolved 4 in 50 ml. of normal (0.85%) saline containing 0.16% sodium citrate. The solution was dialysed for 24 hours against 3% sodium citrate in normal saline, the dialysing fluid being changed after the first 12 hours. Excess solids were finally removed by centrifugation. The fibrinogen was stored at -20°C. and thawed immediately before use when its strength was adjusted with normal saline to lie between 80-120 mg. fibrinogen per 100 ml.
Collection of Plasma-Blood was withdrawn by venepuncture into a clean dry syringe and added to 2% potassium oxalate or 3.8% sodium citrate in the proportion of one part of anticoagulant to nine parts of blood. It was then centrifuged at 1,000 revolutions per minute for 10 minutes to obtain plasma.
Collection of Serum.-From the same syringe four samples, each 1 ml., were added to four clean, dry standard test-tubes (2{ in. x I in.) which were immediately incubated in a water bath at 37°C. The tubes were tilted every half minute until coagulation occurred, and the time between the first appearance of blood in the syringe and the coagulation was recorded as the Lee and White coagulation time. The tubes were then left undisturbed until one hour after coagulation had occurred, when the clot was gently separated from the side of the tube. The tubes were centrifuged at 1,000 revolutions per minute for three minutes and the serum separated.
clotted, the plasma and the serum being tested separately. In each case a two-stage technique is used. Any prothrombin which is present in the plasma or serum is converted into thrombin by the addition of an excess of brain thromboplastin and an optimum amount of calcium, and it is assumed that the amount of thrombin formed is proportional to the amount of prothrombin which was present originally. The amount of thrombin formed is measured by transferring measured amounts of the original incubation mixture to other tubes containing fibrinogen and the time taken for these latter tubes to clot is recorded. The more thrombin generated in the incubation mixture the more rapidly will the fibrinogen be clotted. By this means the amount of thrombin formed from the plasma and serum can be measured and the amount of prothrombin which each originally contained can be inferred.
Technique In performing the test it is advantageous to have the assistance of one other person. The first observer prepares the incubation mixture and transfers the 0.1 ml. specimens to the fibrinogen solution. The second observer times the clotting of the second series of tubes, starting a second stop-watch at the instant the 10-second sample is added to the fibrinogen. With a little practice it is perfectly possible for one person to do the whole test.
When the plasma is tested it will be noted that a clot forms in the incubation mixture about 14 to 18 seconds after the calcium has been added. This is because the mixture is similar to the Quick one-stage prothrombin test. This clot needs to be expressed around a wooden applicator before the later specimens can be obtained. The 20-second specimen is usually removed from the incubation mixture just before the coagulation of the mixture. Owing to the absence of fibrinogen no such difficulty is encountered in the case of normal serum, but is occasionally met with in abnormal sera, especially haemophilic., In a typical normal case the following results were obtained (Table I) . The most rapid time is usually recorded in the 20-or the 60-second specimen, though occasionally one of the other specimens gives the shortest time. In most cases the time usually lengthened after the 60-second specimen, presumably from the action of antithrombin.
In normal cases the prothrombin consumption index has always been under 40%. In practically all cases of haemophilia and in blood rendered artificially thrombocytopenic by high-speed centrifugation, the prothrombin consumption index has been over 100% and in many cases even exceeding 150%. In these cases, therefore, the time taken for the incubation mixture derived from the serum to clot the fibrinogen has been less than that derived from the plasma. In other words the serum appeared to contain more prothrombin than the plasma. This phenomenon was noted by Bordet and Delange (1912) in the case of thrombocytopenic blood, and by Quick et al. (1949a) in both thrombocytopenia and haemophilia. It can also be inferred from the data published by Alexander and de Vries (1949b) in half of their cases. Quick et al. (1949a) commented that this demonstrated how inaccurate was the estimation of prothrombin in serum. It appears most unlikely that there is more prothrombin in serum than in plasma. A similar apparent increase in prothrombin can be observed if ordinary plasma is clotted with thrombin and the " serum " tested, once the thrombin added had been neutralized. The exact nature of this phenomenon remains at present unexplained.
Prothrombin Consumption Test using Serum from Recalcified Citrate or
Oxalate Plasma
The test can also be done on recalcified citrate or oxalate plasma. In this modification of the test 1.0 ml. plasma in a standard test-tube is recalcified and the time taken for the tube to clot is recorded as the calcium time. In the experiments recorded in this paper the plasma was recalcified with 20 c.mm. of molar calcium chloride. Since this solution is hypertonic, care must be exercised in its use. Alternatively, a larger amount of 40a calcium chloride can be used. One 40 hour after coagulation has occurred the clot is expressed around a wooden applicator, and 0.2 ml. of serum is removed and tested in a similar manner to that applied to serum from whole clotted blood.
This adaptation allows for experiments to be made with mixtures of various plasmas. It has some limitations which can modify the results. In particular, the speed and duration of centrifugation need to be very carefully standardized since these factors will alter the number and physical characters of the blood platelets. The following experiment demonstrates the effect of increasing speed and duration of centrifugation in a specimen of normal plasma (Table II) . As the speed and duration of centrifugation increased, the plasma became clearer and the number of platelets diminished. When each of these plasmas was recalcified less prothrombin consumption occurred corresponding with the decrease in platelets. This effect was only noted once the plasma had been recalcified, the uncalcified citrated plasma always giving the same readings whatever its content of platelets. The use of recalcified plasma introduces a number of variables which are not very easy to control. For this reason the simpler method is preferable-i.e., using serum from whole clotted blood.
In the performance of these prothrombin consumption tests it needs to be emphasized that the test is susceptible to small alterations in technical detail. In particular, a bad venepuncture will cause an abnormally low reading. Dirty test-tubes, wet testtubes, tubes of different size, and varying amounts of filling and tilting of the tubes during coagulation of the blood will all cause different readings. For all these reasons the technique adopted should be rigidly followed and too TOTAL % much emphasis should not be 50 laid on small differences in results. -.o p- It will be seen that the prothrombin consumption defect is present in thrombocytopenia of varying aetiology. Provided the platelet count has been sufficiently reduced, the defect is present. Values over 100% are much rarer, possibly because some platelet fragments remain or because the platelets have not been entirely eliminated from the circulation.
If citrated plasma is centrifuged at high speed (15,000 r.p.m.) for 20 minutes, the supernatant plasma contains very few platelets. If this plasma is recalcified no prothrombin consumption occurs. In many cases values over 100% are obtained. In fact, if such a value is not obtained, the plasma should be recentrifuged, when almost invariably the result will exceed 100% (Table VI) . It will be seen that in four out of six cases values over 100% were obtained, so that it appears likely that the mere removal of platelets has stopped prothrombin consumption. While the calcium time of these plasmas is usually prolonged to about eight to ten minutes they clot firmly so that an adequate amount of fibrinogen remains. In one case where the fibrinogen was estimated before and after highspeed centrifugation, it had fallen from 360 mg. per 100 ml. to 246 mg. per 100 ml. after 30 minutes at 17,000 r.p.m. The one-stage (Quick) prothrombin time, and the two-stage plasma time as measured in this test remained unaltered, so that it was unlikely that any material alteration in prothrombin or factor V had occurred in the plasma. It seemed fair therefore to ascribe the differences in behaviour of this plasma to the removal of the platelets. (Table VII) .
The next experiment (Table VIII) was similar to the last, except that normal citrate plasma freed from platelets was used as a source of thrombocytopenic plasma.
Similar results were obtained with both experiments. Neither the haemophilic nor the thrombocytopenic plasmas were capable of consuming prothrombin. Yet mixtures of these two plasmas had this capacity. On the whole it seemed as if the platelet-free plasma was able to correct the haemophilic plasma more easily than the haemophilic plasma was able to correct the platelet-free plasma. For this reason it was decided to measure these defects quantitatively.
Quantitative Experiments.-In the first experiment decreasing amounts of normal plasma were added to haemophilic plasma and the mixtures recalcified as before (Table IX) . It will be seen that 10% of normal plasma is quite adequate, and 1% of normal plasma is also capable of exerting an almost maximal effect. Even 0.1% of normal plasma has some effect. Thus normal plasma is capable of correcting haemophilic plasma as far as the prothrombin consumption defect is concerned when added in very small amount. This effect is quite independent of the platelets added and can * In order to simplify reading only the prothrombin consumption index has been recorded. be obtained with platelet-free plasma. The amount of plasma required was found to be considerably less in this patient than that reported by Alexander and de Vries (1949b) . Unlike at least two of the cases reported by these authors this patient had not been receiving plasma transfusions.
In the next experiment platelet-containing plasma was added to platelet-free plasma prepared as previously described. The blood from which the plateletcontaining plasma was derived had been centrifuged at 2,000 r.p.m. for 5 minutes (Table X) .
This experiment was performed on a number of occasions since one tube was often "out of step." Nevertheless the result was always the same; as the volume of platelet-containing plasma increased, so did the prothrombin consumption. This result, however, depended to some extent on the number of platelets in the plateletcontaining plasma, and in general the faster the plasma was spun the less its effect. This was only to be expected since centrifugation at faster speeds removed the platelets more efficiently. If haemophilic plasma was used as a source of platelets, these platelets were as good as, if not better than, normal platelets. It will be seen that the volumes which require to be added to platelet-free plasma to correct the prothrombin consumption defect are very much larger than those required to correct the defect in haemophilic plasma. This would then be an additional argument in favour of the identity of the two factors which are the cause of the prothrombin consumption defect in these two types of plasma.
As a final check of the correctness of the hypothesis that at least two factors are required for the consumption of prothrombin, the experiments were repeated using both platelet-containing and platelet-free normal and haemophilic plasma (Table XI) .
Rows A to D show that the only plasma capable of consuming prothrombin is the platelet-containing normal plasma. Rows E and F show that either plateletcontaining or platelet-free normal plasma is capable of correcting a plateletcontaining haemophilic plasma, while row G shows that even a much larger quantity of platelet-free normal plasma is incapable of correcting a platelet-free haemophilic plasma.
Rows H to J demonstrate once again that the platelets require to be added in sufficient amount to haemophilic plasma before adequate prothrombin consumption occurs.
It would thus appear that both platelets and the addition of a small amount of normal plasma are required in haemophilic plasma before adequate prothrombin consumption occurs, normal or haemophilic platelets being equally effective.
Discussion
The experiments recorded in this paper substantially confirm the work of the authors quoted earlier. Whatever else may be needed for adequate prothrombin consumption, a sufficient number of platelets is necessary as well as a small amount of a substance present in normal plasma. In both thrombocytopenia and haemophilia defective prothrombin consumption occurs. Thrombocytopenic normal plasma contains a vast excess of the factor which is capable of correcting haemophilic plasma, and this could be the substance which is present in normal plasma and known as " anti-haemophilic globulin." Only a very small amount of normal plasma, of the order of 1%, is required to be added to haemophilic plasma to render this indistinguishable from normal plasma in respect of its prothrombin consumption. On the other hand, platelet-containing haemophilic plasma can correct the defect in thrombocytopenic plasma provided enough platelets are added. In this respect haemophilic plasma behaves at least as well as normal plasma, which would be another argument in favour of the inherent normality of haemophilic platelets. The amount of platelet-containing normal plasma which needs to be added largely depends on the platelet content of the plasma, and thus varies from patient to patient and with the speed and duration with which the plasma has been centrifuged. This does not exclude the possibility that some platelets may be more efficient than others. Much more platelet-containing plasma is required to restore the prothrombin consumption of platelet-free plasma than is required to correct haemophilic plasma. These facts would tend to show that the defects in the two instances are different.
Summary
Observations have been presented on the prothrombin consumption defect present in thrombocytopenic and haemophilic plasma.
Whereas in normal subjects less than 40% of the prothrombin present in the plasma remains in the serum one hour after coagulation of the blood has occurred, in these two conditions anything over 70% may be present. In many of these cases the apparent amount of prothrombin in the serum is greater than in the plasma.
After removal of platelets from normal plasma by high-speed centrifugation, prothrombin consumption ceases.
By mixing the plasmas of haemophilia and thrombocytopenia it can be shown that each of these is capable of correcting the defect in the other. Furthermore, the quantities which need to be added in the two instances are not the same, and these two facts appear to be in favour of the separate identity of these two substances.
The addition to haemophilic plasma of quantities of normal plasma comparable to those which correct the defect in the coagulation time, of the order of 1%, prove equally adequate with regard to prothrombin consumption. It is likely that the substance acting is the same in both instances and is probably " antihaemophilic globulin."
In platelet-free plasma, platelets need to be added in very much larger quantity before the defect is corrected. Depending on the speed and duration of centrifugation, between 10% and 30% or more may be needed. In this respect haemophilic platelets are as good as normal platelets. 
